Introduction
============

*Helicobacter pylori*(HP) affected 50% of the world population and results in problems such as dyspepsia, peptic ulcer disease, gastric cancer, gastric MALToma. HP is more common in developing countries ([@B1]). Treatment of HP infection is a major challenge for physicians worldwide ([@B2]). Due to the chronicity of HP infection, the simultaneous use of two or more antibiotics is required to eradicate this bacteria ([@B3]). Sequential therapy was first introduced in 2000 by Zullo *et al*([@B4]). Sequential regimen consists of two phases in which PPI and amoxicillin are administrated for 5 to 7 days. Then in the second phase, PPI, clarithromycin and metronidazole (or tinidazole) are administrated for 5 to 7 days ([@B5], [@B6]). Initial studies have reported the eradication rate of HP infection very high by using sequential regimen (about 95%)([@B6]). A recent meta-analysis revealed the eradication rate with classic sequential regime as 80.8% ([@B7]). 

Levofloxacin is an antibiotic from Fluoroquinolones group ([@B8]). Since the resistance to levofloxacin in HP strains is low ([@B9], [@B10]), the use of levofloxacin instead of clarithromycin in the sequential therapy could increase the effectiveness of this regime ([@B11]). Levofloxacin-based sequential therapy is a good alternative to classic sequential therapy. Majority of studies were revealed that eradication rate with this regimen is very high ([@B7], [@B12], [@B13]). The aim of this study was to compare the efficacy of levofloxacin-based sequential therapy and Clarithromycin based sequential therapy in HP eradication.

Methods
=======

Study design and patients: this prospective, randomized clinical trial was conducted between October 2015 and March 2015. This study surveyed, dyspeptic patients who were referred to gastroenterology clinic of Shohaday-e- Ashayer hospital in Khorramabad (a city in west of Iran).

HP status was proven by histologic examination. Two hundred HP infected patients were enrolled in the study. Inclusion criteria were; proven positive for HP infection and be 18 years or older. Exclusion criteria included; (a) previous history of HP eradication, (b) being younger than 18 years old, (c) being allergic to the medications used in the study, (d) history of gastric surgery, (e) serious underlying disease; such as decompensated cirrhosis and Chronic renal failure and (f) pregnancy or lactation.

Intervention: Patients were randomly assigned to one of the therapeutic groups by computer-generated assignment. A research assistant managed the randomization. Eligible patients randomly received one of the therapeutic regimens.

1-Levofloxacin based sequential group (Lev-seq) received Omeprazole 20mg and amoxicillin 1g twice daily for 7 days followed by omeprazole 20mg, amoxicillin 1g, levofloxacin 500 mg twice daily for 7 days.

2-Clarithromycin based sequential group (Cla-seq) consists of omeprazole 20mg and amoxicillin 1g twice daily for 7 days followed by omeprazole 20mg, amoxicillin 1g, Clarithromycin 500mg twice daily for 7days. Patients were given a written instruction on how to take the drugs correctly. This study was approved by the ethic committee of Lorestan University of Medical Science in Lorestan province, Khorramabad. The study was registered in Iranian Registry of Clinical Trials (IRCT2015082323736N1).

Primary Outcome (helicobacter pylori eradication): Primary outcome of this study was helicobacter pylori eradication rate. We invited all patients to take a 13C-urea breath test (UBT), six weeks after completing the treatment. UBT was done with 75 mg of 13C-urea in fasting state solved in 100 ml of orange juice. The 13C in the expired air was measured 20 minutes later, using an infrared spectrophotometer (PY test, Kimberly-Clark, USA).

Secondary outcome (compliance & side effect): All patients were visited by physician, one week after the onset of drug administration and the end of treatment period. Drug compliance and adverse events were evaluated by physician and were recorded. Drug compliance was evaluated by pill counts. Good compliance was defined as taking more than 90% of the total medication. Side effects and safety of therapeutic regimes were evaluated by questionnaire .

Statistical Analysis: Eradication rate was calculated as the percentage of patients whose HP infection was negative at the end of the study .The eradication rate was determined by intention-to-treat (ITT) and per-protocol (PP) analyses. The SPSS 21.0 statistical software was used for statistical analysis. Statistical analysis of the results was performed using a Chi-square test, Student's t-test. Multiple regression analysis were done to identify factors that might have influence on eradication rate of each therapeutic regimens.
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Results
=======

Two hundred HP-infected patients entered the study. The patients randomly assign in two therapeutic groups. All subjects were included in the ITT analysis for HP eradication. Among the subjects, three patients with incomplete follow-up and four patients because of severe side effects excluded from study ([figure1](#F1){ref-type="fig"}).

Finally, 193 patients completed the study. Levofloxacin based sequential (Lev-seq) group included 51 women and 46 men. Clarithromycin based sequential (Cla-seq) group included 48 women and 48 men. Mean age of Lev-seq and Cla-seq groups were 40.2± 11.8 years and 42±13.02 years respectively .Demographic and clinical characteristics of patients are summarized in [table 1](#T1){ref-type="table"} ([table1](#T1){ref-type="table"}). There were no significant differences with age, gender, education level and smoking between two groups (p˃0.05).

**Eradication rate of** ***Helicobacter pylori***

The eradication rates in Lev-seq group was 87.6% (95%CI) by per protocol analysis and 85% (95%CI) by intention to treat analysis. Per protocol eradication rate of Cla-seq group was 76% (95%CI), and in intention to treat analysis was 73% (95% CI). Both ITT and PP analysis showed that levofloxacin based sequential regime was more effective than clarithromycin based sequential regime. This difference was statistically significant (p-value=0.028).

###### 

Baseline demographic and clinical characteristics of patients

  Cla-seq group N (%)   Lev-seq group N (%)   Variables
  --------------------- --------------------- -------------------
                        **Sex**               
  48(50%)               46(47.7%)             Male
  48(.50%)              51(56.6%)             Female
                                              **Age(year)**
  13.02± 42             11.8±40.2             Mean±SD
  (19.8%)19             (18.6%)18             18-30
  (30.2. %)29           (34%)33               31-40
  (22.9%)22             (28.9%)28             41-50
  (27.1%)26             (18.6%)18             ≥51
                        **smoking**           
  16(16.7%)             16(16.5%)             yes
  80(83.3%)             81(83.5%)             no
                        **education**         
  21(21.9%)             19(18.5%)             illiterate
  10(10.4%)             13(13.4%)             Primary
  16(16.7%)             17(17.3%)             Secondary school
  22(22.9%)             21(21.6%)             diplomas
  27(28.1%)             27(29.2%)             College education

The odds ratio for eradication of HP with Lev-seq group compared with Cla-seq group was 2.1 (95% CI 1.1-4.0) )[table 2](#T2){ref-type="table"}).

**Adverse events and compliance**

Nausea (13.4%) and anorexia (8.2%) were the most common adverse events in lev-seq group. The most common adverse events of Cla-seq group were anorexia (9.4%), abdominal pain and nausea (both 8.3%). No significant difference was seen between two groups in term of adverse events. (p=0.470)

Overall, four patients stop the treatments due to sever adverse events, including two patients at each group. Three patients withdrew the study, because they were lost to follow. 97 patients in Lev-seq group and 96 patients in Cla-seq group were taking more than 90% of total medication. Treatment compliance in lev-seq groups and Cla-seq were 97% and 96% subsequently. There was no significant difference between two groups (p˃0.05) ([Table3](#T3){ref-type="table"}).

**Factors affecting the eradication rate**

Analysis the variables that may affect eradication rate was done by multiple regression analysis. In the multivariate analysis, the efficacy of levofloxacin and clarithromycin based sequential therapy were not influenced by the gender, age, smoking and education level. We did not evaluate the antibiotic resistance in this study. So the therapeutic regime was the only factor that has an effect on the eradication rate.

Discussion
==========

This randomized clinical trial showed that the eradication rate of HP with levofloxacin based sequential regime is more than clarithromycin based sequential regime. Eradication rate of lev-seq therapies 87.6% and 85.1% by PP and ITT analysis respectively. Per protocol eradication rate of cla-seq therapies 76% and eradication rate of cla-seq therapy by ITT analysis is 73 %. There was no statistically significant difference between compliance and drug side effects in both groups. Rising the antibiotics resistance, especially clarithromycin and reduction of HP eradication rate with classic triple regimen, led to introduction of safe and more effective therapeutic regimes ([@B2], [@B8]). Sequential therapy includes PPI and amoxicillin for 5 to 7 days followed by PPI, clarithromycin and metronidazole (or tinidazole) for 5 to 7 days ([@B4]). HP eradication rate with classic sequential therapy in the early studies was very high (about 95%)([@B4], [@B5]). However, recent studies showed that eradication rate by classic sequential therapy is decreasing ([@B14]). In a recent meta- analysis, the overall rate of HP eradication with this regime was about 83% ([@B15]). The results of our study suggested that lev-seq therapy is more effective than Cla-seq therapy. Few studies have compared these two sequential regimes. In a randomized clinical trial in Italy, eradication rate of lev-seq regime was higher than 95% and subsequent eradication rate of Cla- seq regime was 80.8%([@B14]). Other study conducted in Spain showed that the eradication rate of cla-seq regime was 76.5% and the eradication rate of lev- seq regime was 82.5% ([@B13]).

Our results are similar to those obtained from these studies. Other studies in this field also show the preference of levofloxacin based sequential regime. A recent meta-analysis confirmed the superiority and efficacy of levofloxacin-based sequential therapy on classic sequential therapy ([@B7]). The main reason for the effectiveness of lev-seq therapy is low rate of resistance to levofloxacin, and high levels of resistance to the clarithromycin ([@B12], [@B13], [@B16]). Most studies in different countries showed that the rate of resistance to levofloxacin in HP strains is low ([@B9], [@B10]). In Iran also similar to other countries in the world, levofloxacin resistance rate is low as 5.3% ([@B10]). The results of our study shows that the eradication rate with cla-seq regime is suboptimal (less than 80 percent) and also lower, compared to other studies. Our results are similar to those obtained from other studies. The main reason for the low rate of eradication is the high level of resistance to clarithromycin. An alternative explanation for the low rate of eradication with classic sequential regime could be the difference in the type of used PPI in the study and use of tinidazole instead of metronidazole in some studies. Some studies have suggested that due to the high level of metronidazole resistance and longer half-life of tinidazole, the use of tinidazole in regimen may increase the success rate of treatment ([@B17]). Recent studies have demonstrated that the use of new generation PPI such as esomeprazole and rabeprazole leads to achieve higher rates of eradication ([@B18]-[@B20]). Levofloxacin based sequential regime is a promising strategy in the treatment of HP infection. Some studies have proven that in-vitro usage of levofloxacin has significant effect on HP strains ([@B21]) as well as the resistance to levofloxacin much less than resistance to other antibiotics. In addition, other studies have shown that levofloxacin is effective in the treatment of HP strains that are resistant to clarithromycin and metronidazole ([@B22]). Our study had some limitations. The main was that, we have not been assessed the susceptibility of HP strain to antibiotics and antibiotic resistance rates. However, in this study we used the data obtained from another study that was done in our country. Clarithromycin resistance rate in Iran is 22.4%([@B23]). Another limitation of this study is that it has been conducted in one center and on a small number of samples and the result cannot be generalized to other centers of the country. Many factors may have an impact on the eradication rate of HP. Based on the results of our study, factors such as age, sex, smoking, level of education and the underlying disease had no effect on eradication rate. The result of our study is similar to other studies ([@B7], [@B14]). In our study there was no significant difference between two groups in term of adverse events and medication compliance. Adverse events rate in lev-seq regime was 19.6% and in Cla- seq regime was reported as 15.6%. The most frequent side effects in lev-seq group were nausea and anorexia. Abdominal pain and loss of appetite were the most common side effects in the Cla- seq group.

###### 

Eradication rates with levofoxacin and clarithromycin based Sequential regime

                  Helicobacter pylori status after treatment   Total   P value   OR, CI(95%)           
  --------------- -------------------------------------------- ------- --------- ------------- ------- ----------------
  Lev-seq group   Number                                       12      85        97            0.028   2.1(1.10-4.09)
  Percent         12.4                                         87.6    100                             
  Cla-seq group   Number                                       23      73        96                    
  Percent         24                                           76      100                             

###### 

Adverse events in the levofluxacin and clarithromycin based sequential therapy

  P value   CI(95%)       OR        Cla-seq group N (%)   Lev-seq group N (%)   Variables
  --------- ------------- --------- --------------------- --------------------- ----------------------
  0.084     0.856-1.04    1.608     8(8.3%)               13(13.4%)             Nausea
  0.505     0.254-4.43    1.485     2(2.10%)              3(3.1%)               Vomiting
  0.494     0.171-0.322   0.742     4(4.2%)               3(3.1%)               Diarrhea
  0.492     0.327-2.29    0.866     8(8.3%)               7(7.2%)               Abdominal pain
  0.354     0.205-4.78    0.990     3(3.1%)               3(3.1%)               Constipation
  0.490     0.354-2.18    0.880     9(9.4%)               8(8.2%)               Anorexia
  0.261     \-            \-        0(0%)                 2(2.1%)               Rash
  0\. 09    0.614.4.89    2.992     2(2.1%)               6(6.2%)               Headache
  0.492     .296 -2.95    0\. 848   7(7.3%)               6(6.2%)               Bad taste
  0.115     0.734-1.99    1.09      1(1.1%)               2(2.1%)               Patient who withdrew
  0.651     0.385-3.13    1.78      96(100%)              97(100%)              Good compliance

The results of our study and other studies are consistent ([@B12], [@B13], [@B24]), but the type of side effects were different ([@B7], [@B13], [@B14]). The main reason maybe the differences in genetic and environmental factors. In the study of romana *et al*, the most common side effects are abdominal pain and diarrhea in the first 5 days and bad oral taste at the second 5-day of administration of levofloxacin and also one case of severe pain in tendon which was not reported in the present study ([@B13]).

The eradication rate of clarithromycin based sequential regime is suboptimal (less than 80%). Levofloxacin based sequential therapy is much more effective than clarithromycin based sequential therapy. Further studies are needed with larger samples and multicenter in different parts of the country for further evaluation of this regimen
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